In this study, the optimal condition for the extraction of antioxidants from the fruit Buah Mahkota Dewa (Phaleria macrocarpa) was determined by using Response Surface Methodology (RSM). The optimization was applied using central composite design (CCD) to investigate the three independent variables, namely extraction temperature ( o C), extraction time (minutes) and extraction solvent to-feed ratio (%v/v) on the responses of free radical scavenging activity (DPPH), ferric ion reducing power assay (FRAP), total phenolic content (TPC) and total flavonoid content (TFC).The optimal conditions for the antioxidants extraction were found to be extraction temperature (64 o C), extraction time (66 minutes) and solvent to-feed ratio (75 %v/v) with the highest percentage yield of DPPH, FRAP, TPC and TFC were 86.85%, 7.47%, 292.86 mg/g and 3.22 mg/g respectively. Moreover, the data were subjected to response surface methodology (RSM) and the results showed that the polynomial equations for all models were significant, did not show lack of fit, and presented adjusted determination coefficients (R 2 ) above 99%, proving the yield of phenolic, flavonoid and antioxidants activities obtained experimentally were close to the predicted values and the suitability of the model employed in RSM to optimize the extraction conditions. Hence, in this study, the fruit from P.macrocarpa could be considered to have the strong antioxidant ability and can be used in various cosmeceutical or medicinal applications.
Introduction
Nowadays, natural and healthy lifestyle has become the attention of people worldwide since 2000, and there is a thriving attention in the natural bioactive compound in the human diet or applied as natural medicines (Gong et al. 2012 ). The medicinal properties have been investigated in the recent scientific evolution all over the world due to abundance of antioxidant properties, no side effects and economic viability (Kumar et al. 2007 ). Besides, traditional uses of plants are the main preferences for research because medicine from plants have good advantages such as low toxicity, low cost, fewer side effect and easy to obtain if it is used in right dose. One of the plants is Phaleria macrocarpa (Scheff.) Boerl, belongs to Thymelaeceae family and widely known as 'Crown of God', 'Mahkota Dewa' and 'Pau'. It is a native plant from the tropical areas of Papua Island, Indonesia and grows up to 5-18 m tall. It can be found up to 1200 m above the sea level (Winarto, 2003) . It is a complete tree with stem, leaves, flowers and fruits. The leaves are green and acuminate with length and diameter range from 7-10 cm and 3-5 cm approximately. The flowers can make compounds of 2-4 with colors from green to maroon. The pit is round, white and poisonous (Sufi A, 2007) . The fruits are green when they are not ripen and become red when fully ripen ) while the seeds have 1to 2 seeds per fruit with brown, egg-shaped and anatropous.
Traditionally, the locals have used P.macrocarpa as herbal drink either by singly or mixed with other medicinal plants to treat illness such as cancer, hypertension and diabetes mellitus (Kurnia et al. 2008 ). The biological and pharmacological activities for the parts of stem, leaves, fruit and seed had been examined by several researchers (Ali et al. 2012 ). The fruits can cure high blood pressure, gout, skin disease, liver, cancer and diabetes (Winarto, 2007) . The stems are used to treat bone cancer; the egg shells of the seeds are used to antidote the breast cancer, cervix cancer, lung disease and heart disease, meanwhile leaves consist of constituents that treat impotence, allergies, blood disease and tumors (Hending W et al. 2009 ). Regarding on beneficial of this plant, it had been reported P.macrocarpa has medicinal activities such as anti-tumor, anti-hyperglycemia, anti-inflammation, anti-diarrhoel, anti-oxidant, anti-viral, anti-bacterial, anti-fungal and vasodilator effect (Altaf et al. 2013 ). Moreover, the major bioactive components that can be found are alkaloid, flavonoid, lignin, saponin, terpenoid and polyphenol ). The alkaloid constituents were suggested to possess anticancer activity mangiferin. The presence of flavonoid content as kaempferol, naringin, mycricetin, rutin and quercetin in fruit extract of P.macrocarpa provide to antibacterial activity with mechanism of action against pathogenic microorganism . Other than that, each part of plant in P.macrocarpa has their presences of compounds. In fruits, the isolated constituents are icariside C3, magniferin, gallic acid (Boerl & Saufi, 2007) and two triterpenoids (24-methylenecycloartan-3-one and 24-mehyl-9,19-cyclolanost-25-en-3-ol) ( In this research, CCD was applied to determine the optimum condition for extraction due to the advantages as more useful for uniform precision with lower run required, chronological investigation and reasonable information of lack of it (Islam Shishir et al. 2016). Hence, the extraction was carried out by using reflux set apparatus by focusing on three independent variables of the extraction temperature (˚C),extraction time (minutes) and solvent to-feed ratio (%v/v) on the responses of free radical scavenging activity (DPPH), ferric ion reducing power assay (FRAP), phenolic and flavonoid content. These three factors were choose based on optimization of oil yield of P.macrocarpa seed using RSM and its fatty acid constituents where it influences the presence of major fatty acid found in this plant . However, there is no wide research yet on determining antioxidant properties by using response surface methodology (RSM). Hence, the main objective is to study RSM to optimize the extraction temperature, extraction time and extraction solvent ratios that maximize the highest percentage yield on the antioxidant properties of fruit extract P.macrocarpa.
2.
Material and Methods
Plant Material and Chemical
Phaleria macrocarpa was obtained from Skudai in Johor Bahru, Malaysia with latitude of 1°32'16.47"N and a longitude of 103°39'44.02"E respectively on November 2015. The fresh fruit of this plant which is in the red color was cut into small pieces and let it dried at room temperature for two weeks. The dried sample was grounded to powder form by using fine grinding machine with 0.5 mm mesh size. Solvent ethanol was purchased from Dinamik Sains Sdn.Bhd, Shah Alam, Selangor and other chemical reagents used in this study were analytical grade and purchased from Malaysia Sigma-Aldrich. the independent variables were explicit of their coded and uncoded forms in Table 1 . The value of independent variables was expressed in their coded values as -1, 0, +1 interval shows the low, center and high level of each variable, respectively. The multiple regression analysis was performed on the data of response variables such as DPPH, FRAP, TPC and TFC content as affected by the extraction conditions and was fitted by the response surface regression procedure using the following second-order polynomial equation: water. Lastly, FRAP reagent was prepared by mixing 100 mL acetate buffer, 10 mL TPTZ and 10 mL ferric chloride. The samples were run by mixing 3.0 mL of working FRAP reagent to 100 µL of each crude extract (10 mg/mL). This step was carried out in triplicate and measured immediately the absorbance at 593 nm using spectrometer. The procedure was repeated with ascorbic acid as a positive control.
Determination of Total Phenolic Content (TPC)
The total phenolic content of ethanol extracts was determined by using Folin-Ciocalteau's reagent adapted to a 96-wells plate with minor modifications ). The reaction mixture was prepared by mixing 100 µL of ethanolic crude extract (10mg/mL), 7.9 mL of distilled water and 2.5 mL of 10% Folling-Ciocalteu's Reagent for 8 seconds in a tube. Then, 2.5 mL of 7.5% sodium carbonate was prepared by dissolving in distilled water. The amount of 1,500 µL of sodium carbonate will mixed in previous tube solution. The mixture was shaken for 5 minutes by vortex and incubated for 2 hours at 20°C in dark condition at room temperature.
While, blank test was prepared by containing 100 µL of ethanol, 2.5 mL 10% Follin-Ciocalteu's Reagent dissolved in water and 2.5 mL of NaHCO 3 . The absorption was measured at 765 nm using a spectrophotometer. The samples prepared in triplicate for each of the crude extract. The same procedures were repeated for the standard solution of gallic acid and a calibration graph of various concentrations was constructed. The phenolic contents (TPC) of the crude extracts were expressed as (mg gallic acid equivalent/g of dry weight).
Determination of Total Flavonoid Content (TFC)
The total flavonoid content in each ethanol extract was measured using ) with minor modification. The sample contained 100 µL of ethanol solution of the extract in the concentration of 10 mg/mL and 100 µL of 2% AlCl3 solution dissolved in ethanol. The samples were incubated in dark for 30 minutes at room temperature and the absorbance was measured at 406 nm. The same procedure was repeated for the standard solution of quercetin and the calibration line was constructed. Based on the measured absorbance, the concentration of flavonoids (mg/mL) was read from the calibration plot and the content of flavonoid in extract was expressed in terms of quercetin equivalent (mg of quercetin/g of extract). 
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Gas Chromatography Mass Spectrometry (GCMS)
The determination of the compound was carried out using a BPX-5 column (30 m x 0.25 mm i.d., 0.25 μm film thickness; SGE Analytical Science, Australia) on a Shimadzu GC-MS system (Shimadzu Corporation, Kyoto, Japan) consisting of GC-2010 with a QP2010 mass spectrometer. The temperature programming was set at 50 °C for 3 min with the ramp rate of 10 °C/min to 340 °C and held for 10 min.
The injector and ion source temperature were set at 250 °C and 200 °C respectively. The scanning mass range was 50-750 m/z with a flow 35 rate of 1.0 mL/min. The sample injection volume was 0.5 μL
Fourier Transform Infrared Spectroscopy (FTIR)
The analysis was conducted at Department of Chemistry, Faculty of Science, Univerisiti Putra Malaysia, UPM. 1.0 mg of the extract sample of P.macrocarpa fruit was thoroughly mixed with 100.0 mg of the potassium bromide (KBr) in ratio of 1:100. The mixture was milled to homogenize the mixture. An interferogram for the background correction was determined before the sample analysis. Then, the mixture was compressed to produce thin layer pellets in the form of disc shape. Next, the disc was placed in a beam of infrared radiation and the sample absorbed the radiation at frequencies corresponding to molecular vibration frequencies. The instrument then measured the spectrum of the scattered radiation relative to the spectrum of the non-absorbing standard (KBr). Infrared spectra were recorded on a FTIR (Agilent Technologies-630 Spectrophotometer System). All the spectra were run over the range from 280 cm-1 to 4000 cm-1 at room temperature.
Results and Discussion
Model Fitting
Twenty experiments were carried out using different combination of the independent variables by using response surface methodology of central composite design (CCD). It was used to identify the relationship between the response functions and process variables. The experimental and predicted values for the responses of DPPH, FRAP, TPC and TFC under different concentration are presented in Table   2 . The predicted values were obtained with a model fitting technique by using software design expert 7.0.0 (Trial version, Stat-Ease Inc., Minneapolis, MN, USA). In the present study, according to the sequential model sum of squares, the highest order polynomials were utilized to select the models where the additional coefficients estimates were significant and the models are not aliased. Hence, for all three independent variables and responses, a quadratic polynomial model was selected and fitted well as suggested by the software
The independent variables were focusing mainly on three factors because it gives impact to the result obtained. In order to fit the response function and experimental data to the second-order polynomial, the linearity and quadratic effect of the independent variables, their interactions and regression coefficients on the response variables were evaluated from variance analysis ANOVA as given in Table 3 . The ANOVA results were calculated based on 94% confidence intervals and this analysis was crucial to determine the best fitted quadratic model for three independent variables. A regression model was evaluated by using F statistics and lack of fit test. Based on the results, it showed that the model is highly significant when the computed F-value is greater than the tabulated F-value and the probability value is low (P<0.0001) indicating that the individual terms in each response model were significant on the interaction effect.
The performance of the models was determined by calculating the determination coefficients R Other than that, the significance of each coefficient was determined using the F-test and p-value. The corresponding variables are more significant if the absolute F value become greater and the p-value become smaller (Wang et al., 2007). The F-value for all responses model are greater than the tabulated F-value which indicating the adequacy of the models to predict different responses at different extraction conditions. Adequate precision, AP is a comparative measure between the predicted values and mean prediction error. It also measured the signal to noise ratio. A ratio greater than 4 is more desirable which ensure the predicted models are consistent with independent variables (P Manivannan& M Rajasimman, 2011). Lastly, the PRESS values were considered to be minimums to obtain a well-accorded model. ) as shown in Table 3 . The effect of their variables and their interaction on the responses can be seen in Figure 2 min and ethanol concentration of 63.18-80% (v/v). In order to obtain high antioxidant of DPPH, the extraction temperature plays a more critical role in extend to extraction time . In this experiment, it revealed that as the temperature increase until 80°C the value of DPPH scavenging activity did not significantly increase as the time increased due to the decomposition of the anti-oxidative compound which is heat-sensitive. ) as shown in Table 3 . The effect of their variables and their interaction on the responses can be seen in Figure 3 
Free Radical Scavenging Activity, DPPH
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Total Phenolic Content, TPC
The amount of extracted total phenolic content, TPC from P.macrocarpa fruit extract ranged from 186.22 to 292.86 samples extract, measured as gallic acid equivalent (GAE). The value of mean recorded was 228.65 mg/g GAE of total leaves extracts. The highest TPC content was reported at experimental no.11 while the lowest TPC content was observed at experiment no.13. The ANOVA showed the model F-value of 5.585E + 007 with probability (p<0.0001) which implies that the model is significant. There is only 0.01% chances that this large F value could occur due to noise. Total phenolic content, TPC was significantly influenced at (p< 0.05) by all three linear (A, B, C) , interaction parameters (AB, AC, BC) and quadratic parameters (A
) as shown in Table 3 . The effect of their variables
and their interaction on the responses can be seen in Figure 4 (A), (B) and (C) . The interactions also give a significant effect on TPC for each of the parameters. From the Table 3 
Total Flavonoid Content, TFC
The amount of extracted total flavonoid content, TFC from P.macrocarpa fruit extract ranged from 1.92 to 3.22 sample extract, measured as gallic acid equivalent (GAE). The value of mean recorded was 2.39 mg/g GAE of total leaves extracts. The highest TFC content was reported at experimental no.1 while the lowest TFC content was observed at experiment no.6. The ANOVA showed the model F-value of 5593.88 with probability (p<0.0001) which implies that the model is significant. There is only 0.01% chances that this large F value could occur due to noise. Total flavonoid content, TPC was significantly influenced at (p< 0.05) by all three linear (A, B, C ) as shown in Table 3 . The effect of their variables and their interaction on the responses can be seen in Figure 5 (A), (B) and (C) . The interactions also give a significant effect on TFC for each of the parameters. However, an upper limit of temperature must be controlled to prevent the decomposition of thermo-sensitive compounds in particular flavonoid ). 
GCMS Analysis
The compounds composition of P.macrocarpa fruit extract is very important for further analysis. Table 4 and Figure 6 shows the compounds constituents in P.macrocarpa extracted using ethanol. From the analysis obtained, seventeen were identified. The mass spectrum of the compounds was compared with the NIST08 mass spectral database for identification of compounds. 
FTIR Analysis
The spectral features of P.macrocarpa fruit extract was displayed in Figure 7 . The absorption peak at 3290.21 cm 
Optimization of extraction conditions
The main objective of response surface methodology in this research to investigate the levels of experimental factors which give the highest antioxidant activity on the crude extracts. Four individual verification experiments for free radical scavenging activity (DPPH), ferric ion reducing power assay (FRAP), total phenolic content (TPC) and total flavonoid content (TFC) were carried out under respective optimal extraction time, extraction temperature and extraction solvent to-feed ratio within the experimental range. The final result for the simultaneous optimization using the desirability function approach suggested that the optimal ethanolic extraction conditions for P.macrocarpa fruit extract were 66.36 minutes, 64.10°C temperature and 74.59% v/v solvent ratio with desirability of 94%. These optimum extraction conditions were evaluated by considering the simultaneous response surface and contour plot from the interaction between the independent variables and responses of interest as shown in Figure 7 . The value of the missing independent variable in plot was kept at the center point. In order to verify the optimum condition, the P. macrocarpa fruit was subjected using the optimal condition above and the results were statistically compared to the predicted values given by the design expert 7.0.0 software of the response surface methodological (RSM) model. Based on the results, the predicted values of responses were found to be quite comparable with experimental values at 94% confidence level in Table 4 . It showed the suitability of the model equation for the prediction of maximum responses was verified using respective responses optimal condition. When constraint in the range were selected, the optimum conditions obtained were. However, practically it is difficult to maintain the conditions during processing and some deviations were expected. Therefore, optimum conditions were targeted as 66 minutes, 64°C temperature and 75% v/v solvent ratio. 
Conclusion
In this research, response surface methodology (RSM) employing central composite design (CCD) was successfully used to determine the optimal conditions for the extractions of antioxidants crude extract from P.macrocarpa fruits. The results from RSM proved the extraction of phenolic, flavonoid and antioxidant activities are significantly affected by the factors chosen from the preliminary study.
The optimal conditions for the nutraceutical extraction of P.macrocarpa fruits were found to be extraction temperature 64°C, extraction This study suggested the models obtained can be utilized to optimize the extraction time, temperature and solvent ratio for the maximum yield of antioxidants activities. In future research work, the good optimized result obtained from RSM can be further used for the extracted fruit of P.macrocarpa in cosmeceuitcal properties such as investigating the physical characterization of the total carotenoid, total anthocyanin, total ascorbic acid, the in-vitro sun protection factor (SPF), anti-tyrosinase, anti-collagenase and anti-elastase.
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